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L A Second Paper on Hygrometry. 
By J. A. De Luc, EJq.F. R. S. 

Read December 9, 1790. 

N a Paper which I had the honour to prefent to the Royal 
Society in the year 17735 I Iketched the following propo- 
rtions, as fundamental for the conftruftion of an hygrometer. 
I ft, That jfr^, confidered as the caufe of >&^^/, was the only 
agent by which abfolute drynefs could ht immediately produced 
(§ 50* ^^' That w^/^r, in its liquid ftate, was the only fure 
immediate means of producing extreme moijlure in hygrofcopic 
bodies (§ 8. zn^feq?), 3d, That there was no reafon, a priori^ 
to exped, from any hygrofcopic fubftance, that the meafurable 
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effeds produced lii it by motflure wei'e pfoportiotial to tEe ro* 
tenfities of that caule ; and, confequ^uly^ that a true iygrij- 
metrical fcale was to be a particular obje6t of inquiry (§ 2.), 
4th9 laftly, That perhaps the comparative changes, of the 
dlmenjiom of a fubftance^ and of the weight of the fame or 
other fubftance, by the fame variations of moiftiire^ might lead 
to fome difcovery in that refpeft (§ ']^^• The fame propoii^ 
lions v^ill be the fubjeit of this Paper. 

Of ahfolutt mynefs» 

I. An hygrofcopic ho&y^ which is not brought into conta<S 
with any other body drier thaia itfeif, cannot lofe any part of 
its moijiure but by evaporation j and if this is intirely produced 
hyfre^ there may be fuch a degree of heat as will caufe the 
total evaporation of that moiftt^re^ This is the principle on 
which the above firft propofition was founded ; but at the fame 
time I mentioned^ that I had not brought it into practice, be- 
caufe of the impoffibllity of fubmitting the fubflance of the 
hygrometer to fuch a degree of heat<. However, I foon removed 
that difficulty by conlidering, that the degree of heat neceffary 
to produce extreme drynefs^ naight be applied to fome fubflance 
that could bear it ; and that ^;2^ be tranfmitted to the hygro^ 
meter,, by inclofing it with that flibftance in a proper vefleL 
The fubilance I chofe was /'c?/^ ; and I prepared, for this and 
fome other hygrometiical purpofes, an apparatus which was 
made by Mefl^ Nairne and Blunt in 1776. But a new 
objection flopped me again in that pnrfoit, and led me for fome 
time to a very great and^ now s^lmoft uielefs labour. The 
degree of drynefs produced by potafh fo ufed, could be only 
proportionaible to the degree of hmt that it had received ; and 
3 jiot 
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itot conceivbg yet my known limit to the intenfity of beat^ 
I could not expeiSl any limit to drymfs^ nor even a fixed degree 
oi it. 

2. I remained at tiiat pointj with however a comfarahk hy- 
grometer laborioufly conftruOred, till I came to conceive, that 
heat rnxjiik be at its mammum m a body, when it is incan^ 
defcM% vit\\z\i opinion I have explained in my work, Idiesfur 
la Meteor ologle. From that firft. idea I food after concluded | 
that every hygro/copk fubftance, which could retain that pro- 
perty after having been brought into ineandefcence^ would 
anfwer my firft purpofe. The foilowing is the theory refult- 
iug from the whole of the above confiderations, ift, The 
hygrofcopk fubftance which has the moft capacity for motfiure^ 
and receives it the moft readily, being placed in any quantity in 
' a given fpace, cannot bring that fpace to a degree of drynefs 
greater than its own; and if that degree is undetermined, it 
cannot is^t^ ^mj Jlxed point for the hygrometer, ad, The 
hygrofcopic fubftance which has the fmalleft capacity for moifi 
iure^ and is the floweft in receiving it, if it is really reduced to 
extreme drynefs^ will have the power of producing it in a given 
fpace, proviided its fmall capacity be compenfated by a greater 
quantity, and its flownefs by more time. 3d, Every hygro^ 
Jce>^fC fubftance, which may be brought to white ^^^if without 
lofing its property, is fit to produce €;>(;/r€m^ ^i/j/^^ in a clofe 
i^ace. 4th, It is indiSerent for that purpofe, that the fub- 
ilance ufed be of the clafs which has a chemical affinity with 
w^/^r^ it being fufScient that, after having been reduced to 
extreme drynefs^ it be ftill capable of receiving it from the am- 
bient medium J as may every porous fubftance. 5 th, But for 
the pradicai purpofe of fixing the point of extreme drynefs on 
hygrometers^ fuch a fubftance muft be chofen as^ with a great 
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capacity for moj/iure^ receives it but flowly: as by that firft pro- 
perty it may be taken in lefs quantity ; and by the laft, it will be 
lefs fubje£t to acquire a fendble quantity of moijiiire in the time 
neceflary for the operations. 

3. Pot-ajh zw^ fome other alkaline fubftances afforded the 
fir ft of thofe properties, but not the laft ; and I had not fixed 
on any fubftance, when, being at Birmingham in the autumn 
of 1782, Mr. James Watt informed me, that his friend Dr« 
Black had found in quicklime a great capacity for moijlure^ 
and much flownefs in retaking it: this he knew, by having 
kept a long time the hme lime in a clofe veffel, for drying falts 
and capillary tubes for thermometers, Thefe were the very 
properties I wanted for my purpofe, which thereby I executed 
as foon as I came home. I made thofe firft operations in fmall 
glafs veffels, ufing old /ime^ which I brought again to wM^ 
heat every time I ufed It. Thefe firft trials agreed with my 
theory in its firft point ; that of producing conftantly the fame 
degree of ^ry^g/} .' as for the fecond, namely, whether that 
degree was extreme^ it depended on other experiments. 

4. Being fure then of a fixed degree of drynefs, the number 
of experiments I undertook made me wifti for a m.eans of 
avoiding the frequent repetitions of bringing again my lime to 
white beat; and having found one which has fucceeded, I am 
going to defcribe the apparatus. The veffel, fig. i. is of tin, 
3 feet high and i in diameten A glafs plate a^ /?, a^ a^ is fixed 
at the top, forming a vertical fedion of the cylinder at 1 
inch diftance forwards from the axis. A woven brafs- wire 
cage ^, b^b^ b^ is fixed in the veftei through its diameter, in 
order to keep a fpace for the inftruments ; for the fame pur- 
pofe it is open at the top, and alfo oppofite the glafs, where 
the dials of the inftrum^^nts are to be feen. For my experi- 
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ments, which required inftruments of various fizes, I made 
that cage i8 iaches high and z deep ; but it may be much 
linaller for common hygrometers. The whole veilel, except 
that fpace, has been filled, through the openings r, c, with 
quicklime X^tn from the kiln, and fufFered only to lofe the 
red heat ; after which the openings were covered with heaps of 
the fame iime^ which abforbed the moifture of the air entering 
the veffel while it was coolifig, and then the openings were 
Ihut with tin plates and putty* The top of the vefiel has four 
fquare Openings >3^, i, d^ J, correfpondent to the wire cage, for 
the in^:rodu£tion of the inftruments, which are hung to hooks« 
I ufe a hooked wire for putting in or taking out the inftru- 
ments, to avoid bringing my fingers near theopeningSo Thefe 
are kept Ihut with tin plates and putty : I never open but one 
at a time, which I leave open as little as poffible ; and to pre- 
vent the introduftion of the external air in thofe fhort opera- 
tions, I make them as nearly as poffible at the fame tempera- 
ture, which being 60'' of Fahrenheit may be obtained in 
every feafon, With thefe precautions, and alfo by moift air 
being lighter than dry air, there is fcarcely any moifture intro* 
duced in the veffel except by the inftruments themfelves. 

5, This application of my method afforded me a very ftrong 
confirmation of the pradtical fixity of the point of drynefs pro- 
duced in that manner by lime : for the apparatus was difFerent 
from the former ones ; i ft, by the quantity of the lime ; 2d, by 
the lime having been put very hot into the veliel, while, when 1 
ufed glafs veflels, I had fufFered it fometimes to cool down to 
60''; 3d, by that A'm^ being of the firft calcination, inilead of 
old lime brought again to white heat ; and all thefe differences, 
produced no fenfible efFed on thepoint of ^rjf;?^/}. Since that 
time MefT* Nairne and BlunTj» Mr. Hurter, and Mr. 
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Haas, have made 'apparatufes of the fame khid, and I have 
made myfelf fome others of different fizes and Oiapes ; and 
they. all produce feiiiibly the fame degree of drynefs. 

6. The defcribed apparatus Was ready in the month of Octo- 
ber, 1787, and I put ill it one of my ^^^hygrometers \ which^ 
in a few days, came to its fixed point of drynefs^ and there it 
has remained ever iince, though I have opened the veflel above 
four hundred times. That degree of conftancy, much beyond 
my expedatidn, has enabled me to make a variety of ex- 
periments, which elfe had been next to impoffible : it pro- 
ceeds partly from the great capacity oi quicklime for moifiure^ 
which I fhall detertoine hereafter ; and partly from its flownefs 
in receiving It ; which cirCumftances, added to the fmall fize of the 
openings, to their being at the top of the veffel, and to the car€ 
of putting in atld taking out the inftruments nearly at the fame 
' temperature, prevents the lime from acquiring any fenfible 
degree of mot/lure during, thefe operations. 

7. I did not truft at firft the apparent continuance of the 
fame degree of drynefs in that veflel. At the end of nine 
months of frequent ufe, I began to fear^ left the whakhom^ 
of vjKiQhth^Jiandard hygrometer is made, had been impaired ; 
and I took it out, to try its point of extreme moijlure (of which 
I (hall fpeak hereafter ;) but it came exa£tly to that point, and 
when put again into the lime-veflel it returned where it flood 
before. 1 have repeated many times that trial, with the fame 
refult ; the laft time was at the end of three years, when, 
inftead of a lofs of expanfibility in the whalebone^ I found a 
fmall increafe, but probably accidental ; it went a little farther 
than its point of extreme moijlure^ and came back to its con- 
ftant point of drynefs. 

8. The 



8. The principles of hygrometry belfig now my only objeflj 
it would not be proper to enter into particulars on its pradlical 
part; but I (hall here mention for once, that the fleadieft ^jy- 
grofcopic fubftances are fubje£t to anomalies : for inftance, after 

, an hygrofcope has remained fixed in water for many hours, if it is 
taken out^ fuffered to dry a little, and then put agahi into watef^ 
it may fpmetimes happen to overpafs that point. In the 
fame manner, after an hygrofcope has been long fixed in the 
lime-veflel, it aiay happen alfo, that in taking it out only for 
a quarter of an hour* and putting it in again, it will move a 
little farther .than it was before. Again, if in taking it out of 
the lim^^vejfel^ where it had long remained fixed, it is put into 
water.^ and then back into the Ume^veffel^ it may happen, that 
it will fix itfelf a little Ihort of its former point, and never move 
thence, except by repeated greaj variation s of heat ; but ifv when 
it lliew5 tihat difpofition, it is taken out for a (hort tlme^ and put 
in again, it will then attain its ufual point This was the 
cafe in the laft trial of m.^ Jiandard. Lailly, the fame anoma- 
lies may take place at every other point of the icale of every 
hygTOlcope, only more or lefs according to the fubftances; 
ibme of which, ibr that reaibn, pannot be ufed for pradical 
hygrometry. 

9. Thofe anomalies of the fteadieft hygrofcopk fubftances, 
will probably prevent pur ever having in the hygrometer an 
inftrument nearly fo exaft as the thermometer ; and this I w\is to 
premilejihat when 1 mention the refults of particular ^6j^ri9/c^/c 
experiments, it may be underftood^ that they have only the 
degree of exa6lnefs that belong to their elafs. Luckily thofe 
anomalies are yet of no confequence for the great objeflis of ^j- 
grology and meteorology \X}m prefent ftate oi hygrometry being fuf« 
ficient to excite on thofe objeds^queftions of great importance for 
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natural philofophy. And in the mean time thofe anomalies 
are very interefting in themfelves ; as, from their laws, they 
feem to pouit out forae modification oi cohefion^ as being the 
immediate caufe of elajiicky \i\ jolids. If I can find time to put 
in order a number of obfervations and experiments I have 
made in that refpeft, I intend to make it the fubje£t of a 
Paper, in which I ftiail examine, from a general refult of 
thofe phaenomena, the comparative ufe of weights and Jprings 
for keeping ftretched the hygrofcopic fubftance in hygrometers. 

lO. After fixity m the degree of drynefs produced by lime 
in the manner I have explained, the next point to be.examined 
in refpeft of my theory, was, if the nature oi the fubftance 
brought to 7i white heat^ had any influence on the degree of 
drynefs thereby produced ; and in order to try at once the effed 
of a very great difparity, I chofe fuch a fandfione as is not 
affedled by aclds^ and ftrikes fire from fteel, before and after 
liaving been incandefcent. The firft experiment I made was 
with a view of finding the comparative capacities for moijiure 
between ^h^t fione and lime. For that purpofe I took fuch 
pieces of them as might be readily reduced to half an ounce 
while incandefcent ; which being done, I put them into brafs 
cups, fitted to a fcale, and I inclofed them under a 
giafs veffel inverted over water. I weighed thofe fubflances 
from time to time; each of them continued to acquire weight 
during five weeks i at which time tho fand-ftone had gained 
-2-4-6- P^^^ ^f its original weight , and the lime i-i-^- : this lail was 
at that time all cracked and fallen in fmall fragments, eafily 
reduced to powder; t\\^fand-ftone ftruck fire as before, i next 
prepared a cylindrical tin vellel, lo inches in diameter and 14 
inches high, with a glafs top, which I filled with fragments 
of t\i^t ftone^ treated as the lime ; and when it was cooled, I 
4 put 
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put into it ^n bygromeier^ whoih fixed point o^drym/shzs been. 
taken in the Ime apparatus : and in five weeks it was fixed to 
the fame point. This is a demonftration; that the nature of the 
fubftance does not interfere with the degree of dryne/s produced^ 
and that incandefcence is the only caufe of its^/fvivVjy, 

11. Laftly, in refpecl oi hygrometry^ a degree of drynefs thus 
determined might have been fufficient ; but for hygrology^ 
and even for natural philofophy in general, it was defirable to 
difcover if \}cLZt fixed degree of drynefs was alfo ahfi)lute : and the 
following are the confiderations which diredted me in that en- 
quiry : if evaporation is produced by heat only, and if incan- 
defcence is the maximum of heat ; an hygrofcopic body, which 
is brought X.o incandefcence^ cannot contain any evaporabk vjzttv i 
and if that body has fuch a mafs, as to be capable of abforbing 
all the water evaporated m a certain fpace, without acquiring any 
meafurable moiflure^ that fpace may be called abfolutely dry. 
Now, if an ^y^r^^^/V fubftance which is inclofed in that fpace, 
contains any fenfible quantity of evaporable water, when heat 
increafes, that fubftance muft lofe a part of its moijiure m the 
medium^ and take it back by the diminution of heat. Confe* 
quently there was a means of difcoverlng, \i hygrofcopic iwhOizncts^ 
reduced to the above degree of drynefs^, ftill retain a fenfible 
quantity of evaporable water; it w^is that of obferving tl>eir 
*ze^^/^y6/, by changes of heat: and from thefe previous confiderations 
I made the following experiments. 

12, I hung fuccefiively to a very fenfible ^^^//i, fhewing the 
changes of weight by an /Wif^t?, ditferent forts of vegetable and 
animal fubftanceF, the beam being inclofed in a glazed tin- 
vefliel, containing a fufficient 'quantity of ^iM/ci//>//<?; and dur- 
ing the operations, I produced from tittie to time great changes 
in the temperature of the veffeL As long as thefe fubftances 
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retained a fenfible quantity of evaporabk water, the increafe of 
heat made themt lofe fome weighty which they regained partly 
when the heat returned to the fame point. But that efFe£l di- 
minifhed by degrees ; and, at laft, a change of 30^ oi Fahren- 
heit did not produce any fenfible change of weight in thofe 
fubilances, though they were fuch as had a great capacity for 
moijhre. An hygrometer placed near the heam^ was then at 
the point taken in the lime-veffel. That lingle experiment con- 
firms all the previous coofiderations from which I had expefted 
ahjolute drynejs from incandefcence. 

Of extreme moifiure. 

13. The fecond propofition I had fketched in my firft paper^ 
is this «' th^t water^ in its liquid ftate. Is th^ only fure immediate 
*' means of producing extreme moijiure m hygrofcopic bodies.'* 

\i^: Moijiure^ the nature of which we are firft to determine, 
may be confidered in three different cafes.— 1 ft, In fubftances 
which have ^i\ affinity ^^ith watery by which their molecule 
and thofe of water vtizj unite, and form a new compound, — * 
adly, In fubftances which have no affinity with water^ but to 
which water has a tendency to adhere; by which caufe it 
enters their capillary pores.— ^dXy, In the medium^ or fpace free 
from vifible bodies. I have not undertaken to difcover what, 
in the firft of thefe cafes, might properly be called moijiure^ and 
Its degrees ; as I forefaw great difficulties in that undertaking, 
which befides was unneceflary to my principal purfuit : 
therefore I come immediately to the fecond cafe. 

15. When I wrote my v^oxkldeesfur la Metiorohgie^ having 
not yet made fome experiments I had in view to verify the opi- 
nion I entertained, that vegetable and animal fubftances., as 
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well as the porous mineral ones, received water merely by the 
faculty of capillary pores^ I ufed fometimes the expreffion hy-' 
grofcopic affinity^ in treating of the hy gofer opk equilibrtum ; hut 
before that work was come out of the prefs, having converfed 
on that objed with Dr. Blagden, and found him inclined to 
that opuiion, I had time and. opportunity to exprefs it, in 
§ 276, as follows : " There are reafons to doubt, whether fome 
^' of the fubftances, which fhare amongft them the water dK'- 
^' feminated in a fpace, do not fuck it, by a faculty fimllar to 
*^ that of capillary tubes^ without any chymical affinity with 
** water^ That opinion will be now confirmed by the fol- 
lowing experiments. 

16. ift. ExP. Sugar has an affinity with water^ and no fen* 
lible one with alcohol : however, a lump of fugar will imbibe 
this laft liquid as readily as the firft. Confequently, water is 
not imbibed by fugar in confequence of their affinity ; iince 
alcohol is alfo imbibed \ they both afcend in fugar ^ by the faculty 
of its capillary pores^ as they do in fandfione or in fpunge^ 
But when water has thus entered fugar ^ it diffolves it ; which 
then is a chymical t^Q,di\ whereas alcohol tvz^ox2Xt^^ and leaves 
they^^^^r fenlibly as it was before. 

17. 2d. Exp. If w^/^r penetrated hygrofcopic fubftances of 
the vegetable and animal kinds, by an affinity with them, it 
would not be natural to expert, that other liquids^ which do 
not (hew an affinity with the fame fubftances as water ^ (hould 
penetrate the above-mentioned fubftances. Being led by that 
confideration, I made two hygrofcopes of diflferent elaftic animal 
fubftances ; and after having marked the point where they 
ftood in water y I Immerfed them fucceflively in alcohol and in 
ether ; by which liquids they were expanded nearly as much as 
by water, and they contracted as much in coming out of them. 
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In thofe experiments a fingular phaenomenon happened in both 
hygrofcopes. The firft efFeft of the immcrfion of thofe animal 
fubftances in alcohol (and I fnppofe it would have been the fame 
with vegetable ones) was contraBhn^ foon followed hj expanJion\ 
and when they came out into the aifj the firfl efFe6: was expanfion^ 
foon followed by contraSlion. The caufe of that reciprocal phae- 
nomenon is undoubtedly the affinity of alcohol with water* In 
the immerlion, fome of the moijlure czme out of the fubftance, to 
unite with the furrounding alcohl^ by which lofs ofwater^ a con* 
tra£iion took place in the fubftance, 'till it came to imbibe the 
alcohol MtlL In the immeriion, fome of the moifiure of the 
air, uniting immediately with the alcohol retained by the fub- 
ftance, expanded it to the fame degree as if it had been in 'water ; 
after which, the Wir<5^^/ evaporating, the fubftance contracted. 
Thofe phsenomena did not happen with ether % this not uniting 
readily with water % but it expanded thofe fubftances as much 
as alcohol^ and nearly as much as water » From thofe pheno- 
mena we may conclude, that the penetration of animal fub* 
ftances by water ^ and confequently by moijlure^ is produced, as 
that oi fugar^ fand-Jlone^ and every other porous fubftance, by 
the faculty of capillary pores^ without any affinity between them 
and water ^ 

1 8. 3d. Exp. In that theory, pf a mere imbibition of water 
by hygrofcopic fubftances of tile ^%f/c kind, a circumftance, 
which feems to point out affinity^ was to be explained ; it Is that 
of the hygrofcopic equilibrium. In view of that obje<9:, I made 
the following experiments, not newin themfelves, but direftedto 
my purpofe. I took fome glafs tubes, of different fmall bores, 
which I firft bent in the fliape of fyphons ; after which I cut 
them in the middle of the bent part. This was to enable me, 
to bring into exad communicatioii the lower end of two tubes, 
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though held in a vertical pofition^ as an inverted fyphon (Fig. 2,) 
The following are the experiments.— rft; Exp. When a column 
of the liquid had afcended in one of thefe tubes 1 if I applied to 
it an empty tube of the fame bore, the liquid column divided it- 
felf equally between them, — -2d. Exp. When the empty tube 
was of a fmaller bore, ih^l column rofe more in it, than it funk 
in the other ; and the contrary happened when the empty tube 
was of a larger bore.- — 3d. Exp. When fome more liquid was 
fupplied to the united tubes, it rofe in both, in proportion to 
the relpedive heights of the former /r6?&m;^j.— 4th. Exp. When 
a fuperabundant quantity of 7/^?^?/^ was fupplied, it rofe to a 
maximum in each tube, and the heights of the columns 
increafed in fome proportion with their former heights. 

19. Thefe known fafts have a clear analogy with • the 
hygrofcopic equilibrium in elajiic fubfl:ances.«— ift. Case. When 
the quantity of liquid common to capillary tubes is not fuffi- 
cient for them to receive their re fpe^live maximum^ they fhare it 
between them, znd the equilibrium tzkes place, when there is,^ 
in each of them, the fame ratio between its fpecific capillary power 
andthe weight of the raifed column.ln the fame manner; when the 
quantity of water diffeminated in a fpace, is not fufEcient, for 
feveral hygrofcopic fubftances to receive the maximum of water 
which they can contain in their j^^/r^x, they fliareit amongft them ; 
and the equilibrium h produced, when there is in each of them 
the fame ratio^ hetv^etn its {^tcAz capillary power^ and the 
refiftance of their pores to be more dilated.— 2d. Case. When 
there is a fuperabundant quantity of 7%^/^ common to fome 
^capillary tubes ^ each of them receives its maximum ; which is 
determined by an equilibrium^ between its total capillary 
power ^ and the weight of the raifed c^^to;^. In the fame man- 
ner, when there is a fuperabundant quantity of water common 
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to federal hygrojcoplc fubftances, each of them receives its 
maximum \ which is determined by the equilibrium^ between 
Xhtix tot2i\ capillary power ^ and the reliftance of their /)<9r^^ to be 
more dilated. That final equilibrium,^ which, from its very nature, 
cannot be overpaffed in 2x\j elaftic fubftance properly ufed, 
determines the {^^qqi^z capacity of thole fubftances for moi/ture. 

20. Moijlure then*, coxifidered in porous bodies not foluble 
by water ^ may be defined, '* h quantity of water ^ which is 
*'^ inviftbly contained in their _^<9r^i ; without any other connec- 
^^tion with their fubftance, than that which it has with the 
** glafi of xh^ capillary tubes into which it has afcended," 

2 1. We may fee now whence proceeds the hygrofcopic equili« 
hrtum between elajiic fubftances inclofed in a fpace^ either 
filled with air or deprived of it. In this explanation it is 
unnecelfary to determine, how water is invijtbly diifeminated In 
fpaces free from vifible bodies, therefore I (hall not enter here 
into this fubjed ; that diffcmination is a fad admitted in every 
hypothefis, confequently the medium is only to be confidered as 
the ftock and ftandard of moijture. By the caufe, whatever, of 
evaporation^ hygrofcopic {wh^^nzt^ lofe or gain water in the 
medium^ zcQOtdiing to Its degree of moifture^ till they are in 
equilibrium with it ; which implies the equilibrium amongft 
themfelves according to the laws refulting from their own 
nature. 

22. Now moijture^ in a general fenfe, will appear to be, ** a 
*« quantity oi invijible water^ either evaporable^ or evaporated.'*^ 
And from that definition, the maximum of moifture will exift, 
when, *^ every circumftance remaining the fame, no more 
** water can be admitted in a fpace, without becoming 1;^^/^ ; 
«* onyZ?//^ bodies, by their furface being weti and in the medium^ 
4 *' b/ 
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^^ by a fpontaneous precipitation of water P Laftly, as immerfing 
folid hygrofcGpic bodies in water ^ or expofing them in a medmm 
where there is an a£lual precipitation of water (as in a fog) is 
an effeftual means of furnifhing their pores with the whole q^uan- 
tity of water they can irnhibe ; it is evidently a Jure means of 
producing extreme moifture in them : and this point cannot be 
overpafied, neither in water^ nor in fog^ lince it depends upon 
thQ rejijiance o^ iht pores to further dilatation by the mere intro- 
dudion of water ; but it muft be attained in an hygrometer^ to 
fix its point oi^ extreme moifture. 

23. When formerly I had fixed upon that method for pro- 
curing to my firft hygrometer a true point of extreme moifture ^ 
it occurred to me, that the temperature of water might in- 
fluence fenfibly the cxpanfion of its ivory tube ; and in order to 
difcover if it was fo, I made fome experiments, related in 
§§ 104 &c. of my former paper, the refult of which was, 
that tht temperature of water had a fenfible efFe6t on the expan- 
[\onoi ivory. But foon after I diflrufted fome modifications of 

hat complicated hygrometer ; and efpecially this particular 
•efult. 

24. I then changed that firft method ; which confifted in 
meafuring the changes of capacity of hollow cylinders, into 
that of meafuring the changes in length oihygrofcopic fubftances; 
and for fome preliminary experiments on many of them, 1 
made particular/r^/^^j,, in which, by a combination oi glafs and 
hrafs^ the effects of heat on thofe materials compenfated each 
other ; by which means the indices of thofe inftruments were 
only aff^fted by the modifications of the hygrofcopic fubftancca 
tried id them, I have mentioned thefe frames in a paper on 
*)yrometry^ printed in the PhiL Tranf for 1778. With thefe 
rames I firft tried ivory^ in water of different temperatures ; 

and 
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and I found a very little difference in its e-^panfion^ comparatively 
with what had appeared from my firft experiment. Then^ 
continuing the fame trial on various fubftances, I found the 
effe6l of different temperatures of water very fmall in general ; 
and even in fome fubftances, as deal taken- lengthvi^ife, and 
hemp^ I could not afcertain any. 

25. Thefe experiments led me to think, that the fmall 
variations produced by heat in hygrofcopic fubftances dipt in 
water ^ were not hygrofcopic modifications, but the mere effects 
oi heaty by the ceHation of zll hygrofcopic modifications; thele 
having then attained their maximum: which is adifcrimination of 
effe£ls, that I had vainly attempted to produce by orher means. 
When afterwards I had found the method of producing extreme 
drynefs^ I made a lime apparatus, for the purpofe of repeating 
in it the fame experiments with my compound frames i and 
I found that theory confirmed, by the effects of heat in 
that apparatus being nearly the fame, on the fame fubftances, 
as when they were in water. 

26. From the whole of the foregoing experiments there 
cannot remain any doubt, that water ^ in its liquid ftate, is a 

fure means of fixitig the point of extreme moifture on hygrometers. 

Farticularly, in refpeft of elaftic fubftances, as ivory ^ quill^ 

n^halebone^ all forts of wood^ and a number of others which I 

have tried, the laft experiments in water of different tempera* 

iures^ afford an immediate proof, that their faculty oi fucking 

water has a fixed iimit^ proceeding from a final f^fiftance of their 

pores^ to be more dilated by the introduction of water. Confe- 

quently, their utmoft expanfon is a true fign, that moifture is 

extreme in them ; which point cannot be exceeded. But my 

propofition extended farther : 1 had faid, that water was the 

miy certain means of obtaining immediately the point ot 

2 extreme 
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extreme moijlure on hygrometers ; and this is a mod important 
queftion, both of hygrometry ziiA hygrology^ which remains 
to be examined. 

On if /^^ maximum of evaporation, and its correjpondence with the 
maximum of moifture in a medium* 

17, Since moifiure confifts in invijti^k watm% an exeefs of 
water Is the only immediate means of afcertaining that the 
maximum exifts ; as, if a refervoir is above our reach, the only 
means of knowing if it he foil of water, is when it overflows. 
From that principle, a fog gives the point of extreme moijlure 
on hygrometers^ like water itfelf; becaufe it covers very 
foon the hygrofcopic fubftance with a coating of water : fome- 
times even it expands it a little more than an immediate appli- 
cation of water ; but this belongs to an objed that I have 
waved before, as relating to fome modifications of elajiic fo" 
lids (§ 8.), No other means then but an excefs of water over 
the furface of the hygrofcopic fubftance of the hygrometer^ can 
afcertain that it is arrived at its point oi extreme moijiure ; and the 
firft immediate demonftration I fhall give of it, will be afforded 
by dew ; a very uncertain, though apparently certain fign of 
extreme moifiure ii\ the air. We fay, that there is dew^ wheu^ 
fome folids expofed in the open air in a clear evening are wet ; 
but if that was the effed of a precipitation of water hapf)ening 
in the air^ all the folids thus expofed would be wet i which is 
far from being the cafe ; confequently, that phasnomenon muft 
proceed from fome particular caufes, by which, though no 
water is yet difpofed to abandon the medium, it gathers on fome 
particular folids. It is very long fince the phaenomena of dew 
have perplexed natural philofophers ; and they were the firft 

Vol. LXXXL D which 
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which I ftudied in the beguiniiig of my refearches in meteoro- 
logy ; but ail that I concluded from my experiments and ob- 
iervations Avas, that we could not underftand thofe phsenomena 
without firft having a fure hygrometer. This is the reafon 
why, foon after I had made my firft hygrometer^ I expofed it 
in the open air in the country, fufpended very little above the 
grals, from the morning of a fine day to the time of dew in 
the evening; the grajs gvtv^ wet^ and the /j);^r<9/?;^/^r remained 
at a great diftance from the point which bad been fixed in water* 
I have related that experiment in § 91, of my firft Paper. 

28. When I had made hygrofcopes of various forts oi Jllps% 
for inftance, of different "woods and of whalebone^ cut acrofs 
the fibres; oi ivory and horn^ reduced firft into thin tubes, 
and then cut in fcrqw ; and of quillsy by cutting alfo in fcrew 
their barrels ; I repeated, with thofe inftruments, my obfer- 
vations on dew ; and to give a fhort, but determinate idea of 
the ph^snomena I obferved, I fhall reduce them to fome gene- 
ral cafeSj as indicated by one only of thofe hygrofcopes^ that of 
quilly whichj like all the others, is divided into 100 parts, from 
extreme drynejs to extreme moifture. Thefe hygrofcopes were 
fufpended in the open air, three feet above a grafs-plat in the 
country, ift Case. When a clear and calm evening fucceeds 
to a clear and warm day, the grafs frequently grows wet^ 
though the above hygrofcope ftands many hours, and fometimes 
the whok night, between 50 and ^k^. 2d Case. If the dew 
increafes, fo that taller herbaceous plants and Jhrubs grow wet 
m fucceffion, the hygrofcope moves more and more towards 
mofiurei and when it is come to about 80, plates of glafs and 
mhpaint alfo grovv wet \ but at that period, neither metallw 
plates, expofed like the glafs ones, nor fome forubs and trees^ 
are weir^ and this alfo may laft whole nights. 3d Cafo* If the 

dew 



iew proceeds to ks maximum^ the hygrojcop moves from %b to 
loo (and fometimes a little farther, § £7.). Then we have 
alfo a certain proof that ei^treme moifture exifts in the air ; for 
every folid body expofed to it is wet. But it is only at that 
moment that we can depend on extreme mQifiure ejcifting; fbr^ 
if in the other defbribed -ftages of the phisnomenoo, the ap- 
pearance of water on the furface of fome folids had proceeded 
from a fpontaneous precipitation in the air, all the other folids 
ought to have been weti but they only become wet in a certain 
fuccefffion, and in the mean time the flip of ^^^///, and all the other 
above-mentioned hygrafcopesj move more and more towards their 
point 106, iti fign of ma^^r^ increafing in the air. Gonfe-' 
^uently (as I Imd concluded from my firft obfervations), in^ 
ftead of having in dew an hygrofcopic ftandard for the hygrome- 
ter^ we have in its phasnomena many circumftances which 
willonly be explained with the affiftance of that inftrument* 

29. Some previous obfervations had alfo warned me againfi 
the general idea, that moifiure was to be extreme in the akj 
when there was a fufficient quantity of water in the fpace,, 
even though that air might be fuppofed to be filled with evapO'- 
rated wzter to its maximtm; and the doubts I entertained in 
that refped were the caufe of the difficulties I expreffed in the 
beginning of my firft Paper, which I only got over when I 
thought of w^/^r itfelf, to obtain the point of extreme moijiure 
<yn vnj hygrometer. This was alfo the reafoil why, as foon as 
iny'^firft hygrometer was finiflied, I placed it in a cellar^ the walls 
and ground of which Were w^/, and where it continued two 
months, without ever attaining its point of extreme moifture^ I 
have related that experiment in § 54-^^7^?^ ^f ^Y fij^ftP^P^^r 

30. When alfo I hiid the hygrojcopes mentioned above in 
the obfervations on dew^ I undertook a very long courfe of 
various forts of experiments on that important point of hy-^ 

D % grology^^ 
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grology^ of which however 1 fliall only give here the general 
and conftant refults, as furnifhed by thofe hygrofcopes, '* The 
** maximum of evaporation m a mafa of inclofed air is far from 
** being identical with the maximum of moijiure % this being 
*' dependent alfo, even to a very great degree, on the tempera-- 
^' iure of the fpace^ fuppofed to be the fame, or nearly fb, as that 
^^ of the water whiqh evaporates in it* Moijiure may arrive te 
^* its extreme m ah inclofed ^/r^ if that common temperature 
^^ is nt^T freezing point % but it becomes lefs and lefs, even to a 
*^ very dry flate, as that temperature rifes, though the produEi 
*' (^/^ evaporation^ thereby increafing, conthiues to be at its dif- 
^^ ferent maxima^ correfpondent to the different temperatures^^ 
This is a very important proposition in bygrology; which, from 
my experiments^ would not be fubjeft toany obje£Hon, if there 
were no other bygrofcopes than thofe I have mentioned above, of 
which I have thirteen different fpecies ; but there is another 
clafs of fuch inftruments, from which fome doubt miglit firft; 
arifc ; and f come now to that point* 

On tzvo diji-inB clajfes of hygrofcopes^^ 

31. As I fliall now frequently ipeak oi jlips and threadf^ 
which conftitute thofe two clajfes oi hygrofcopes^ 1 muft firft 
explain what I mean by thofe words. The Jlips compofe the 
clafs of hygrofcopes ufed in the above experiments ; they confift 
of very thin and narrow lamina qui acrofs the fibres of vege- 
table Of animal fubftances,^ either in their natural or artificiat 
breadths (as boards)^ or by reducing natural or artificial thin 
tubes of them- into helices.. By threads I mean the fame kinds 
of fubflahees taken lengthwife^ either from their being natu- 
raliy ill thin threads^ or by reducing them to that ftatCj m 
3 tearing: 
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tearing from them thin fajliculi of Jibres ; which operation is 
eafy in fome, as hemp^ whalebone^ and gut^ but very difRcult in 
others, as quill and fome forts of wood. 

32. The firft hygrofcopes of the clafs of threads, which I 
obferved comparatively to the clafs oi Jlips^ were of hemp^ gut^ 
whalebone^ and fome woods ^ and they exhibited a phaenome- 
iion which at firft I could not tinderftand : when they were 
expofed with ihtjlips in damp air ; as, for inftance^ in open air 
during the fecond period of dew above determined, or in a 
glafs veflel inverted over watery the threads had only very 
fmall motions backwards and forwards round their point deter- 
mined m water ^ while the7?//>i had confiderable motions within 
that point, without coming near it, if the temperature was fen- 
fihly dbovQjreezmg point e Thence arifes the objedlion againft 
the general propofition above ftated : for thefe two claffes of 
hygrofcopes eontradiding one another on the chzugt^oi mot/lure ^ 
nothing could be afferted in that refpedl^ till there were fufB- 
cierft reafons to exclude one of thofe claffes of informers^ and 
to triiiT: the other clafs, 

33. Proceeding to multiply the fpecies of thofe two clafies 
of hygrofcopes^ I found always the fame fundamental march in 

flips^ all of them conftantly moving in the fame direftion \, but 
in multiplying the fpecies of threads^ I found fuch variety 
between them, that in their own clafs they created diftruft ; 
fome of them, as oi deal^ aloes pitta ^ liber of lime tree^ quill ^ 
and thiny?^;?^i' of gra?nenj in coming out of water ^ increafed in 
length : they went farther that way, to a certain point, as the 
air was dryer : they retrograded then with accelerated fteps, 
when Jrjy;^^ increafed, thereby returning to the point where 
they had ftood in watery and they continued to move in the 
fame retrograde way, with great acceleration, by a ftill in- 

ereafing 
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creafing dfynefs. Moreover, they did not follow one anothef 
in thofe motions contradi£lory to the evident march of moijlure: 
each of them changed diredlion at different periods, thereby 
often contradiding alio each other, while tht Jiips conftantly 
agreed together in the diredion of their motion, and alfo with 
ail the other fymptoms of moijiure. From thefe comparative 
phenomena 1 firfl: concluded; that the motions of the fame 
kind, which I hadobferved in the firft- mentioned ^^r^^^j, were 
alfo ammalks^ proceeding, only to a fmaiier degree, from a caiife 
of the fame nature as that of thefe laft. After which, fimilat 
iymptoms, which I had formerly obferved in the w^^/^r thermo- 
meter near the freetmg pointy made me firft conclude, from a 
general analogy j that the perceivable modifications of the 
threads^ were the compound effects of two contrary operations 
of moljhire which followed different laws. 

34, Another phenomenon lad me foon aftejr to a more de« 
termined theory in refped of thofe two oppofite effects of 
mmftureow threads^ I have faid above, that hemp and gut have 
only a very little retrogradation ; their greateft difference from 
the Jips confifting in their being y?^//^^^rj^, While the j?/^i* bfve 
Hill great motions* But when thefe fame threads are iwijled^ 
they acquire a very fen fible elongation beyond their point of 
extreme moijlure fncceeded hy retrogradation^ From feveral 
trials I have made in twifiing thefe thrmds more and more, I 
do not confidet as impoflibie, if fome difficulties, which I 
only could obviate in part, were completely prevented, that 
they might be brought to fuch a ftate, as fo have their point of 
extreme drynefs coincide "wxthth^toi extreme moifture ; by which 
means, in the progrefsof /;?^^/^r^ from one ^^^/mw to the other, 
they would move iirfl in one diredion with decreafing fteps, then 
in the oppofite direaion by increafingfteps; the whole, however, 

5 with 
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with great irregularities. Here then we fee two oppojtte effeds 
of moi/lure \ one which lengthens tht fibres y the other which, 
hy f welling the twified ftrings, T^j^r/^;^^ them ; and we fee 
thofe effe£ls follow different laws, from which is produced a 
retrogradation that we may change ad libitum, 

35. Now, the texture of animal and vegetable j?^r«9f<fj fub- 
ftances muft be a fort of reticle^ which exifts in thofe which 
are naturally in thin threads^ and in the moil: minute fafciculi 
that we can feparate from a mafs ; and we fee it in the laft cafe, 
for in fubdividing thoi^c fafciculi^ there are always ^f^r^i* break- 
ing in the points where they were anaftomofed with others ; 
confequently, the primary ^'^r^j of thofe fubftances form be- 
tween them mejhes fimilar to thofe of a net ; and thofe mefioes^ 
which are widened by the introdu6lion of water ^ muft produce 
In the threads the fame effed as the twifi: in the zhovt firings. 

36. If then moifiure^ in adling on vegetable and animal 
threads^ natural and artificial, produces on their length two op- 
pofite effeBs\ one of which, fmall at firft but increafing gra- 
dually, compenfates at fome period the other which is firft 
vifible, andy^r/j^^ it afterwards j fooner or later, according to 
the nature of the threads 1, it is evident^ that they cannot be 
proper for the hygrometer*^ fince, from the indication of fome 
of them it might fometimes be concluded, that moifiure 
changes in one fenfe, while it really changes in the contrary 
fenfe ; and from fome others, that moifiure is extreme^ long 
before it is really fo. As for xhtfiips \ fince moifture has only 
one effeft on their lengthy that of widening more or lefs th^e 
mefiies of the crofs fibres^ I concluded j that all their hygrojcQpic 
indications, In every part of their fcale, were true in refpedt of 
increafe and decreafe of mofiure% and that confequently, that 
clafs oi bygrofcopes might be depended upon on that important 

point* 
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point. As for the exa£i: rafio between the indications of thofe 
laft hygrojcopes^ and the changes of moijiure^ that was to be the 
objedt of a particular inquiry^ to which J now corne. 



Of the fcala of the hygrometer hiween the tw.§ fixed points* 

37. The long attention I had formerly given to the compa* 
rative expanjiom by beat of various kinds of liquids znd Jbltds^ 
made me exped the variety I afterwards found in the mo- 
difications of hygrofcopic fubftances by mojjfurei therefore^ 
as I expreffed it in § 2. of my firft Paper, my view was only 
at thdt time, to find fome means of producing a fteady compara* 
hie hygrometer ; but afterwards I pointed out, in § 72, a means 
which had occurred to me, for attempting to find the ratio be- 
tween the expanfiom of fome determined hygrofcopic fubftance, 
and the correfpondent increafes of mo^ure ; which Was, to com- 
pare the firft with the correfpondent changes of weighty of the 
fame or of any other fubftance ; an idea which I did not then 
m\?ch fcrutinize, not yet thinking of its execution. 

38. From what I have faid above, I did not want any other 
motive of choice between the flips and the threads than their 
comparative marches ; but though the fips agree always in the 
direSiion of their motions, there are differences in the progref- 
fion of their comparative fteps ; and that difference led me to 
examine more attentively the above means of finding which of 
thofe marches agreed beft with that of moi/lure. The refult of 
that examination was diftruft, at leaft in refpeft of an imme- 
diate decifive means. With the view of rendering the changes 
of weight more eafily meafurable, I had firft thought of fome 
fubftance pofleffed of a ^xon^ affinity vfit\i%mteri but on con- 

fidering 



Mygrometry. ^^ 

fidering the hygrojcoplc phenomena of thofe fubfl'atices, it ap- 
peared to me, that their changes of weight could not be pro- 
portional to the degrees of f;^6>/)?^/r^ in th^ medium i and that 
even thb fenfe of the wprd moijlure apphed to them was very 
difficult to determiue (§14.), As for the fubflance of the 
hygrometer itfelf, 1 'did not find any reafon to think, that its 
changes of weight qoxA^ be more proportional to moijiure than 
its degrees of expanjioni fince on thefe laft depended in pdrt 
the quantity of water that could be admitted into its pores at 
each degree of moijiure in the air* 

39, Being thus difappointed in my firft fcheme, I thought 
of a more dire6t method, which was to a6l on moijiure itfelf, 
by firft producing, in a glafs veffel containing an hygrojcope^ as 
much ^ry;^^ as I could conceive poffible at that timb, and 
then introducing into it fucceflive equal quantities of water ^ 
for which I had found a fure means without opening the veiTeL 
But then again fome previous experiments deftroyed my confi- 
dence in that method; having found, — ift, That the evapo- 
rated water had a tendency to depofit itfelf againft the glafs 
by the fmallefl: difference between the infide and outfide tem- 
peratures^ even to the degree of becoming vifible on fome part 
of the veffel, long before I had any reafon to expeft extreme, 
moijiure. — ad, That by the common temperature of my room, 
the hygrofcope in the veffel remained always at a confiderable 
diftance from its point of extreme moijiure^ though the bottom 
of the veffel was covered with watery and that it varied with 
the temperature ; which coul-d not have happened \i moijiure 
had been extreme. — ■3d, That when I endeavoured to increafe 
moijiure in the veflel by cooling it, I produced very often the 
contrary effe£t, at the fame time that a quantity of the diffemi- 
nated water gathered over the glafs. 
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40. x^s ill thofe trials the contradidion between the marches 
of thtjllps and the threads was very evident, I was the more 
difappointed to find, that the uncertainty of the real degrees 
of moijlure increafed at that very period : for inftance, fetting 
out from fome dry pointy and moljiure increafing, the march of 
a thread of whalebone was evidently in a decreajing progreffion, 
comparatively to that of zjltp of the fame fubftance ; and when 
at lafl: there was a fuperfiuous quantity of water \\\ the velTel, 
and the temperature was made to change, the thread was 
almoft Jiationary^ whUe the Jlip had confiderable motions, 
often contrary to the fmall motions of the other ; while it was 
at that very period^ that the real degrees of moijlure in the 
veflel could not have been afcertained but by an already fettled 
hygrometer. I had no doubt that thofe anomalies were to be 
attributed to ih^ thread oi whalebone^ not only becaufe of the 
excefs of the fame modification in other threads i but alfo con- 
fidering the analogy betv/een the comparative marches of the 
two kinds oi hygrof copes ^ and thofe of the thermometers^ oi 
water and quickfther : but as this was a very important ob- 
je£l for natural philoibphy, I would not decide it from thofe 
firft appearances; and that confideration led me to a very great 
number of various forts of experiments, which I made in view 
of multiplying at leaft the Indired fads with which my theory 
might be compared. However, as at laft I found a more dired 
means of verification, I ihall only mention that laft clafs of 
experiments* 
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Expermenis on thi comparative changes of weight and dimeti- 
{ions of fome hygrofcopic fubflances, 

41. I have faid above^ that I could not find my folid reafoa 
to confider the changes in weight of a fubftancCj as being 
more proportional, than its changes in V/f/^^;?/?^^^', to the cor- 
refpondent changes of moi/iure\i\ the medium ; which doubt had 
prevented me from undertaking that conrfe of experiments. 
But it occurred to me at laft, that if my theory oh the compa- 
rative marches of the flips and the threads were true, it might 
be rendered certain by comparing thofe marches with the increafe 
of weight of the fame fubftance : for inftance^ taking ^Jlip and 
a thread of deal^ and having fome deal hung to a fcale, I was to 
find, that while the fip continues to lengthen, and the thread 
to (horten, the fubftances continue, to receive water i and, 
in general, that tht march of flips ^ in every part of their fcale 
on which the experiment may be regular, was more proportional, 
than that of threads^ to the correfpondent changes in weight of 
every hygrofcopic fubftance of the el0ic kind. 

42. This having ftruck me as a fure means of deciding the 
queftion, 1 fet immediately to work; and fince that time I 
have made a great number of experiments of that kind. They 
were not at firft very accurate; but fucceffively I have mended 
both the inftruments and the apparatus; and, after having fettled 
every part that I looked upon as effential, and made in confe- 
quence a new apparatus and new inftruments, I have begun a 
regular courfe of experiments, of which I iliall give here the 
ffrft refults. 

43. The apparatus confifts in two tin veffels; the firft of 
which, and the moft ufed, is i6i inches high, 15I wide, and 
5 deep. The front of this veffel is a plate of glafs, and the 
back a tin-plate/zV^r^ which, being taken off, l«*^ves that fide 
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of the veffel quite open. The fecond veflel has the fame di- 
menfions as the firfl; but its back is foldered, and its front is 
of woven brafs wire. This veflel may be applied to the back 
of the former, in fuch manner as to make of both one fingle 
veflel, ivhich, when the Jlider of the fore-part is taken off, is 
only divided by a vertical partition of woven brafs wire. The 
life of that fecond vcilel is to produce extreme drynefs in the 
other I for which purpofe it is filled with large pieces o£ quick-- 
Ime tiiken from the kihi. When that veiTel is not ufed, it is kept 
in a tin box which it fills intirely ; and when it is in, as well as 
while it is out for ufe, that box is kept fiiut with putty, by 
which means the lame lime may ferve many times in the fol- 
lowing manner. 

44. When I want to produce extreme drynefs in the firft 
velTcl, I apply to it the fecond, faftened with hooks; 1 then 
pull out the Jlider of the firft, and flop with putty the chinks 
between them. When that firft operation is completed,^ I put 
again the Jlider to the fore-veflel, and take off the other. In 
this laft operation, fome moifiure might be introduced through 
the chinks of the Aider, before they are again flopped with putty ; 
efpecially as the deftru6lion of moijiure in the veflel has made 
room for more air to come in ; but I prevent it by making firfl 
the apparatus fenfibly warmer than it was when I put on the 
lime-veflel; by which means, in the little time employed for 
the operation, the motion of the air is from the infide to 
the outfide, which prevents all accefs o£ moijiure in the veflel. 

45. To that firfl operation fucceeds that of a gradual intro- 
dudlfon of moijiure into the apparatus. It would have been 
ufelefs to apply to that procefs the means I had imagined, for 
fpreading fucceffive equal quantities of water in a dole veflel ; 
for the evaporated water depofiting itfelf in part, more or lefs, 
on every furface, and the furfaces, efpecially of ^g*/^, being 
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very aiuch multiplied in that apparatus when filled with in- 
ftruments, no real correfpondence could be expelled between 
the quantity of evaporated water zn A the motion of the 
inftruments ; therefore I again gave up the view of determining 
that ratio^ and proceeded in the following manner. At the 
bottom of the apparatus/ on one of its fides, there is an open- 
ing., I an inch high, and 2| inches broad, which ufually is 
kept fhut with a tin plate and putty. The taking off, only 
for a moment, that tin plate, is the firft operation by which I 
introduce moijlure into the apparatus ; which being then reduced 
to the temperature at which 1 make all my obfervations, namely, 
6o''of Fahrenheit, permits the external air to enter the veflel, 
and come to an equilibrium with it at thfe fame temperature. By 
keeping off the tin plate longer and longer, I admit w^v^ quan- 
tities oimoijlure into the veffel ; and when that means is become 
ineffedlual, I introduce through the fiime opening, a brafs 
frame, which extends under all the inftruments, on which is 
flretched a cloth that 1 wet by degrees more and more, as long- 
as it may produce fome efFe£l at the dhovt temperature. In 
order to have that temperature when I want it, I make thofe 
experiments in a feafon when I may have fire in a flove at a 
proper diftance from the apparatus. The time when that 
equal temperature is neceffary in many refpecls, is that of the 
obfervations, which I make twelve hours after each new intro- 
du£tion of moj/iiire. 

46. The inftrumentsi place in thatapparatus are of two kinds ; 
the firft of which are beams^ made on the principle ufed by Mr. 
John Coventry in his paper hygrometer^ which principle I have 
found of gr^at ufe ; for, with beams of that fort, as delicate as 
mine are, if the total change of weight in an experiment is 
not above i grain, -^^!^^ part of it may be diftindly obferved 
on a weight from 3 or 4 to 20 grains ; but in my experiments, 
z ill 
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in which the total variation was from 5 to 6 grains, the ob- 
fervable part Ivas only ^1^ part of a grain. Thefe two hams 
are placed on the fame line through the middle of the depth of 
the veffel^ and their indices move in that plane ; thiir motions 
are in an oppofite fenfe by the fame changes of weight, be- 
caufe I wanted the two fubftances fufpended to the beams^ to 
hang near one another in the middle of the vefleL The other 
inftruments are frames^ in which an index \% moved by the 
variations in length of a very thin flip or thread, Thefe frames 
are placed before and behind the beams* 

47. In the firft experiment that I made with that appa- 
ratus, the fubftances fufpended to the beams were deal and 
qutll^ reduced to very x)a\i\ JJoavlngs^ which were ftretched 
edgewife in thin brafs-wire frames. The weight of each kind 
•of thefe ^:^^i;m^^ was 12 grains, at a certain degree of the ther- 
mometer and of my hygrometer. The other hygrofcopes were 
Jlips and threads of the fame fubftances as the T^^^w^^j-, and 
alfo of whalebone. Thefe fix laft inftruments have: their point 
oi extreme drynefs taken in my lime-vejjel^ and their point of ex* 
ireme moifiurem water \ the interval between thefe points is 
divided into 100 parts ; and on the ^i^Zfi* of the //6r^^^i the 
degrees are prolonged beyond this laft point. The hygrofcopic 
fcaie of \ht Jhavlngs could not be fixed before the operation; 
therefore the fcales of the beams ferved only to indicate the 
comparative motions of the index ; but afterwards^ takn}g for 
o^ the point where the mdex ftcod by extreme drynefs^ and for 
lOO, the point of extreme moifiure^ which I fiiall explain, the 
interval between thefe two points became a modulum by which 
I have alfo reduced into 100 parts of the whole the changes 
obferved in the weight of the Jhavings. I ftiall not give here 
the abiblute ciuantities^ either of the changes of weighty or 
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of thofe in length 0^ the other hygrofcopes^ having iibt had 
time to make the neceflary calculations, of which however I 
have the data* 

48. The neceflary time for a complete difFufion of the newly 
introduced ;^^^^^r^ in the veflel renders it impoffible to proceed, 
in that introdudlion, by regular fteps. The method I ufe is^ 
to obferve the motion of my ufual hygrometer^ which is ay?^ of 
whalebone^ and to remove the caufe of increafe of motfiure be-» 
fore it has moved 5 degrees. In that manner the fteps of the 
increafing moijture have been in general lefs than 5 degrees of 
that inftrument ; but, by interpolation, I have reduced them 
to what they would have been if the fame inftrument had 
been moved fucceffively 5 degrees. 

4p. I have faid before, that when the maximum oi evapora^ 
ikn is produced in a clofe v^eflel by a temperature feniibly 
above x\\t freezing pointy there is no regularity to be expelled in 
any farther atternpt to increafe moijture % the dilfeminated 
water being then abundant, the fmallefl; difference of tempe- 
rature between different parts of the apparatus makes it depofit 
itfelf on fome furface, and pafs from one to the other (§ 39.) ; 
which circumftance is alfo mentioned by ProfefTor Pictet of 
Geneva, in his late work, B^Jfais de Phyjique. For that rea- 
fon, when tht evaporated water in the veflel was near its maxi- 
mumy my laft operation was, to put in again the wet cloth, while 
I kept the temperature at 60'', and to take it out when the indices ^ 
of the beams were fixed. My ufual hygrometer was then at 
87^; and as^ it had ftill 13 degrees to move towards its point of 
extreme moijture^ and all the others in proportion of their known 
marches^ I have added to the obferved increafes of weight in 
the Jhavings^ a quantity proportional to their former marches 
3 comparatively 
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comparatively to that of their refpedive ^/7/^i; and thus are 
Completed their hygrofcopk fcaks. Repeated trials have Ihewn 
me, that the %veight of the Jlmvings increafes as long as their 
flips increafe in length i but as there is no regularity in their 
comparative marches at that period of moijiure in a veOel, nor any 
poffibility of making thefe experiments in open air, becaufe of 
the beatns ; the addition mentioned, which forms the three laft 
terms of the columns of th^ Jhavings in the following table, is 
to be confidered only as having determined the modulum oi the 
obferved terms ; fince it has not changed the ratio between them, 
nor confequently the correfpondent marches of weight and 
length fo far ; which were the only obje6l of the experiment, 

50. Before I come to the general refult of that experiment, 
I (hall place here a comparative view of the two kinds of phse- 
Bomena, which, by their analogy, led me firft to the theory I 
have expofed : I mean the comparative marches of thcjlip and 
thread of whalebone on one fide, and thofe of the thermofcopes 
of quickfiher and water on the other fide. In this table the 
correfpondent /^r;;;^ of the hygrofcopes, from oof both to 85 of 
t\\tjlip^ have been obferved in the above experiment; the four 
following are the refults of obfervations in time of increafing 
dew. The correfpondent terms of the thermofcopes tire deduced 
from the table of their comparative i';^^^^(9^j which I have 
given in § 418.^. of my work, Rech.fur les Mod. de VAtmo^ 
Jpherei from which /^^/<? this only differs, ift, by a change 
of the modulum^ in the ratio of 80 to 100; 2d, by an inver'- 
JtoUy which brings the terms oi this table to exprefs compara* 
tive condenfations of the two liquids. 
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51, The firft part of that table (hews, the great fteps of the 
thread oi whalebone y comparatively with thofe of the Jlip of the 
fame fubftance, at the beginning of their correfpondent increafe 
in length; but the thread relents by degrees, and a nearly jf^- 
tionary ftate fucceeds, in which, while this hygrofcope moves 
lirfl: 1,9 degree from 98,6 to 100,5, ^^^ retrogrades 0,5 
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degree to come to its point of extreme moj/iiire ^^ the JIip, con- 
tinuing to move in the former diredion, goes over to degrees^ 
The phssnomena are the fame m the part of the table relating 
to the thermo/copes I that of water proceeds alfo at firft by great 
fteps, comparatively to that oiqukkfilver ; after which it relents ^ 
and while it moves only. 3 degrees, and retrogrades 0,5 degree 
to come to tht freezing pointy the quickjiher one, continuing to 
move in the fame direftion, goes over 20 degrees. It was 
from that phsenomenon of the water thermojcope that I con- 
cluded formerly, that there was in its march a Jiationary flate^ 
during which the* heat decreafed nearly as indicated by the 
quickjilver onti and that conclulioii was afterwards confirmed 
by diredl experiments. From that afcertained fad, I was led 
to conclude, with refpeft to moifture, that there was alfo a 
Jiationary ftate in the march of hygrofcopic threads^ even in 
thofe which had the fmalleft retrogradation^ as that of whaler- 
lone ; and this theory will be confirmed by the refults of the 
above-defcribed experiment. 

52. The following table contains thofe refults, namely, the 
correfpondent marches of all the mentioned hygrofcopes ; the 
Jhavings increafing in weighty and thojlips and threads in length. 
The 3 laft comparative terms do not refult from that particular 
experiment; for tht Jhavings (as I have faid above) they are 
concluded from the former comparative fteps ; for the other in- 
flruments, they have been obtained by obfervations in the 
open damp ain 
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From the 18 drG: terms of that table, which are the imme-^ 
diate refults of the experiment, we are now to examine my 
opinion, that the lengthening oi ihtjlips of whalebone^ quill^ 
mid deal ^ beyond thefe terms is a fure fign that, till they have 
attained their point 100, ^^/)?^r^ continues to increafe in the 
medium where they are placed. 

53. There could not be any doubt on that propofition, if it 
were not for fome threads fimilar to that of whalebone % which 
ir^r^^^/i", having fenfibly attained their utmoft length at the 
period when the experiment was flopped^ feem to indicate, that 
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motfture is then at its maximum. But if the lengthening of 
hygrofcopic threads m general, is the compound efFeft of two 
oppofite caufes which follow different laws ; it may be that, 
ill fomc threads^ thofe caufes happen to compenfate each other 
at that very period ; by which means they zre/tationary^ though 
moifliire continues to increafe. This was my opuiion, and the 
above experiments were undertaken to verify it, firft, by com- 
paring the march of xht^jlips with the increafe in weight of their 
own lubftance; fecondly, by comparing the marches oi di&vcnt 
kinds of threads with each other, and alfo with the increafe in 
weight of their fubftance : and from that now we are to exa- 
mine the above propofition. 

54. In refpecl of the ^//J my theory is, that as moijture 
cannot zdc on their length but by widening the mejloes of their 
trarifverfal fibres^ they cannot go on lengthening but by im- 
bibing more and niore motfture, from its increafe in the ^ir ; 
and this we fee to be the cafe, by comparing the marches o£ 
the three kinds oi Jlips with the correfpondent increafes in 
weight of the qutll zn^ deal (havings, during the whole pro* 
grefs of the experiment. There are differences in x\\q{q marches 
as I expefted {% ^7^% but they are not fuch as to give the 
fmallefl reafon to fufped, that afterwards, during the period 
of the three laft terms of the table, in which we have no cor- 
refpondent obfervations of increafes of weight in the Jloavingf 
of deal and quill^ the fame law does not take place as in the 
17 antecedent terms. If the experiment was only made with 
one kind of ///», it might be objefted, that though that flip 
lengthens regularly during the whole increafe of moijture from 
\x.^minimum\Q\t%{w'^^o{t^ maximum^ it is not impoffible but 
that immediately after, by fome pecuHarity of its nature, i^ 
will lengthen^ without any farther increafe of moijture i\\ the 

medium^ 



Uygromeiry. 37 

medium. But that furmife cannot be admitted when xhtjlips of 
fuch diffimilar fubftancesas whalehone^ quUU and deal^ {^i\{\\Af 
agree in their ;;?<5>//Wj at that period, and when a number of other 
flips oi xhQ vegetable and animal kinds follow alfo the fame 
general march. 

^^. In refpe6t of the threads, which are the only caufe of 
the above doubt, my theory, which removes it, is alfo con- 
firmed by that experiment. That caufe of doubt is exemplified 
in the table by the thread of whalebone, which has almofl: no 
motion, while its Jlip moves from 85 to 100. At that period 
of tnoifture, no regularity can be expeded from experiments 
madein. (:%c ve/fels', by which circumftahce, not having the 
correfpondent obfervations of weights, it cannot be demon- 
ftrated by immediate experiments, that the thread of whale* 
bone is then ftationary from its nature ; but the threads of 
quiil and deaU which are in that ftate during the regular courfe 
of the experiment, will guide us in that enquiry. The thread. 
of quill IS ftationary dunng that great part of the obferved in- 
creafe of moijiure, by which the thread of whalebone moves 
from 71 to 97,6 : the thread of deal is alfo ftationary, while 
the fame //6r^^^ moves from 71 to ^i-^^^^ They both afterr 
wards retrograde \ the quill from 107 to 100, and the deal 
from 122,6 alfo to 100 ; and it is during the latter part of that 
retrogradation, correfpondent to a continued direB motion of 
the Jlips, that the threa^Jt of whalebone, and fome more of its 
clafs, after a very decreafing march comparatively with all the 
Jlips, are at \z^ ftationary, and then a little retrograde. In that 
Jiationary ftate of the threads, while moifture proceeds in the 
fame direfrion, they move backwards and forwards, more or 
lefs, according to the duration of that ftate^ and to the quari- 
tity of the retrogradation. This may be feea by the table, tii 
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refped of the thread o^ deal and qui-lh^ and I have obferved it 
coiiftantly, in a fmaller proportion, in ali the threads which 
have their Jiationary ftate at the laft period of moijiurej with 
this particular cifcunaftance in all thofe motions backwards and 
forwards^ that they are never the fame in two different experi- 
ments. That fymptom ah^eady points out a compHcation of 
caufes ; but we fhail foon fee a more diftindl proof of their 
exiftence* 

56. My theory on the march of hygrofcopic threads is 
founded on this general principle^ that a retrograde efFe£lj how 
ihiall foever it may be^ if it is not produced by a correfjpon-* 
dent change in the caufc itfeif, is preceded by ^ Jiationary flate, 
during which, and the retrogradation^ the intenfity oi the 
caufe continues to increafe: and this alfo is exemplified in the 
experiment. Tho ^ationary flate of the thread of deal begins^ 
when its Jhavings have only imbibed from the air a quantity 
oi water ^ ^6 ; it is ftill at the fame point when the quantity of 
imbibed water has increafed to 59,9 ; and in the part of its 
reirogradation^ which is ftill contained in the regular courfe of 
the experiment, that quantity of imbibed water increafes to 
88,8. The fame, with only fonie differences in the degree, is 
feen in the thread of quill i therefore, as we fee alfo fomcj 
though a very fmall, retrogradation in the thread of whalebone-^ 
as well as in other threads of the fame clafs^ we have reafon to 
conclude, that their apparent immobility before they come to 
that point, while thtjlips continue to move, is alfo z Jiationary 
ftate, during which they continue to receive water, by the 
increafe of moijiure in the air. 

57* The experiments I have now analyfed are only one {tt 

amongfl others which, though made with lefs accuracy, have 

given the fame general refults* Thefe, relating to various 

I kinds 



icinds of fubftanGes> I intend to repeat, and to have the honour 
of conanaunieating their refults to the Royal Society; and I 
ihall conclude this Paper, with an immediate demonftration, 
that the ^^r^(?pi<r motions of the JIIps are fimple, while thofe 
of the threads zxe the combined efFecls of two oppofite caufes : 
which will be a further confirmation of the whole of the 
above theory. 

On the recoil of hygrofcoftc threads. 

58. When formerly I concluded from the phi^nomena of 
the water thermofcope^ that its condenfatiom were the con:;ibined 
efFe£ls of two oppoiite caufes, which followed different laws, 
it was not for having diftinguifhed thofe two effefts ; hut only 
becaufe of a fmall retrogradation near thejree%ing point ^ preceded 
by ^Jlatjonary flate, comparatively with the march o^ qukkfiher % 
but iu the cafe of hygrofcopic threads zuAJlips^ in which we 
have the feme phaenomenon, the two oppofite effeds are difiin- 
guifliable in the //&r^^^, by one being operated more rapidly 
than the other. If, for inftance, I tranfport from a drier to a 
4amper place (or inverleiy) the two kinds oi quill hygrofcopes^ 
the j2/^ proceeds in an ^Wi^ courfe to a certain point, where it 
remains j&^^; but the thread moves in an interrupted xnzmxtt 
alfo to a certain pointy whence it recoils. If that experiment 
is made within the limits of the Jtationary ftate of the thready 
it may recoil as much as it has gone the other way, and be 
fixed at the fame point in both places. The cafe of thtjlip of 
quill IS common to Qvery Jlipy and that of its //6r^^3'^ to ;all others 
which have a quick motion. Here then we hzvcjeparately the two 
effe£ls of moijture on the threads ; that on the fibres themfelves 
is th^ yii?i7^ produced^ and at firft predominates : the Jowe/i^ 

by 
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by which afterwards the firft produced is mote or lefs com^ 
fenfated^ is that operated on the width of the mejhes % and it \% 
becaufe the lafl: of thofe effefts is the only one that can afFedl 
x\i^ length oi thtjlips^ that, in every change of tmijiure, th^j 
move evenly^ without any recoil. 

59. To that demonftration of the exiftence of two oppofite 
effe^s of moifture in the threads^ I fliall now only add an exam- 
ple of a (imilar phaenomenon, in which the caufes alfo are 
vifible. The compound frames^ mentioned in § 24. are formed 
of two glafs rods 4 feet long, fixed together at the bottom and 
the top* A thin flip of brafs of determined length, fixed to 
one of the ^/^ rods towards the top, comes down from thence, 
pafles over a pulley at the bottom, and turns up for half an 
inch. To this end of the brafi flip is fixed the lower end of 
the hygrofcopic fubftance, the upper end of which is connefted 
with the Index of the infl:rument. It is by that means that, 
whatever be the changes of heat^ provided they zvojlow^ the 
lower end of the hygrofcopic fubftance remains fenfibly at the 
fame diftance from the axis. But if I take that infl:rument out 
of water at a low temperature^ and plunge it immediately into 
warmer water, the index infl:antly moves as if the hygrofcopic 
fubftance had lengthened ; which is the effeSi of the brafs flip 
dilating fooner than the gla/s rods; then the index recoi/s, and 
this is the eJeSi of zjower dilatation of the glafs. 

Conclujzon, 

60. I have concentrated in thefe pages an account of twenty 
years afliduous labour in hygrometry^ moftly occafioned by the 
anomalies of the hygrofcopic threads % and the principal refults 
have been, fome determinations of the four principles that 

directed 



^drre£le(3 me from the beginning, wliich bow are as follows. 
1 ft, ¥ire^ as caufe of heat^ is a fure, and the only fkre, means 
^f obtaining ^^/r^-^^^/j^^^ this is produced hy white heat m 
m^ry hygrojcopk {uh%.^nocthzt can bear it; and it may be thus 
tranfoiitted to the ;^j?^r^/^^/^r. 2d, W^ater^ m its liquid ftate, 
is a fore, and theonlyiure^ means of determining the point of 
extreme moljiure on that inftrument. 3d, It is iiot to be eKpe(5ted, 
a priori^ of any hygrojcopk fubftance, that its thanges be pro- 
portional to thofe of M(?5/?/^r^ ; but it may be affirmed, that 
i^ojibrous or vajiular fubftance, taken lengthwife^ is proper for 
xh^hygrGmeter. 4th, A means of throwing light on the f^/^rc/? 
of a chofen %^f0we'/^r, may be, to compare it with the cor- 
refpondent changes in weight of many i6)7^rg/r<?j&/^ fubftances. 

61. From thofe determinations m hygromefry fome great 
points are already attained la hygrology^ meteorology^ and che^ 
mi/try^ of which I fhall only indicate the moft important, ift, 
la the ph^eaomenoa of dew, the grafs often begins to be wet 
whea the ,/7/V, a little above it, is fiill ia a middle ftate of 
mojfture ; and extreme moifture is oaly certaia ia that air^ whea 
every folid expofed to it is wet (§ 28.). 2d, Tho maxmum of 
evaporation ia a clofe fpace, is far from identical with the maxi" 
mum oi moi/iurei this depeading coafiderably, though with the 
coaftaat exiftence of the other, oa the temperature commoa to 
thejj^^r^ aad to the water that evaporates (§ 30.). 3d, The 
cziQoi extreme moijlure t^x&iugm the opea tranfparent air, ia 
the day, even ia time of r^//;^, is extremely rare : I have ob- 
ferved it oaly oace, tht temperature being 39°. 4th, The air 
is dryer and dryer as we afcead ia the atmofphere ; fo that ia 
the upper attaiaable regioas, it is coaftantly very dry^ except in 
the clouds. This is a fa£t certified by M. de Saussure's ob- 
fervatioas and miae* 5th, If the whole atmofphere paffed 
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from extreme drynefs to extreme moijiure^ the quantity of water 
thus evaporated would n^t raife the barometer as much as half 
an inch. 6th, Laftly, in qhemical operations on airs^ the 
greateft quantity of ^'y^j&^r^/^^^? w^/^r that may be fuppofed in 
them at the common temperature of the atmofphere, even if 
they were at extreme moijiure^ is not fo much as ^^^ part of 
their mafs, Thefe two laft very important propofitions, ha¥e 
been demonftrated by M. de Saussure. 
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